Significant Findings
This preliminary assessment of (1) bedmaterial transport in the Hunter Creek basin, (2) historical changes in channel condition, and (3) supplementary data needed to inform permitting decisions regarding instream gravel extraction revealed the following:
Along the lower 12.4 km (kilometers) of Hunter Creek from its confluence with the Little South Fork Hunter Creek to its mouth, the river has confined and unconfined segments and is predominately alluvial in its lowermost 11 km. This 12.4-km stretch of river can be divided into two geomorphically distinct study reaches based primarily on valley physiography. In the Upper Study Reach (river kilometer [RKM] 12.4-6), the active channel comprises a mixed bed of bedrock, boulders, and smaller grains. The stream is confined in the upper 1.4 km of the reach by a bedrock canyon and in the lower 2.4 km by its valley. In the Lower Study Reach (RKM 6-0), where the area of gravel bars historically was largest, the stream flows over bed material that is predominately alluvial sediments. The channel alternates between confined and unconfined segments.
The primary human activities that likely have affected bed-material transport and the extent and area of gravel bars are (1) historical and ongoing aggregate extraction from gravel bars in the study area and (2) timber harvest and associated road construction throughout the basin. These anthropogenic activities likely have varying effects on sediment transport and deposition throughout the study area and over time. Although assessing the relative effects of these anthropogenic activities on sediment dynamics would be challenging, the Hunter Creek basin may serve as a case study for such an assessment because it is mostly free of other alterations to hydrologic and geomorphic processes such as flow regulation, dredging, and other navigation improvements that are common in many Oregon coastal basins.
Several datasets are available that may support a more detailed physical assessment of Hunter Creek. The entire study area has been captured in aerial photographs at least once per decade since the 1940s. This temporally rich photograph dataset would support quantitative analyses of changes in channel planform as well as vegetation cover. Light Detection And Ranging (LiDAR) data collected in 2008 would facilitate hydraulic and sediment-transport modeling and characterization of bar elevations throughout most of the study area.
Few studies describing channel morphology and sediment transport exist for the Hunter Creek basin. The most detailed study reported channel incision and bank instability as well as the loss of point bars and pools in the lower 3.9 km of Hunter Creek from slightly downstream of its confluence with Yorke Creek to its mouth (EA Engineering, Science, and Technology, 1998).
Repeat channel cross-sections collected from 1994 to 2010 at four bridges indicate that Hunter Creek is dynamic and subject to channel shifting, aggradation, and incision. Despite this dynamism, the channel at three bridge crossings showed little net change in thalweg elevation during this period. However, the channel thalweg aggraded 0. Bar-surface material was approximately equal in size to bar-subsurface material at Conn Creek Bar, whereas it was distinctly coarser than the subsurface material at Menasha Bar. Armoring ratios, which indicate the coarseness of the bar surface relative to the bar subsurface, were calculated as 0.97 for Conn Creek Bar and 1.5 for Menasha Bar. These ratios tentatively show that transport capacity and sediment supply are relatively balanced at these sites.
On the basis of datasets reviewed in this reconnaissance-level study, study results indicate that (1) the size and overall position of gravel bars in the lower 12.4 km of Hunter Creek are determined largely by valley physiography such that unconfined alluvial sections have large channel-flanking bars, whereas confined reaches accommodate only relatively smaller bars, (2) the alluvial segments are prone to vertical and lateral channel adjustments, (3) substantial aggradation or incision did not occur except near RKM 3.5, where the channel aggraded 0.55 m (meters) from 2004 to 2008, and (4) bed-material transport in Hunter Creek is tentatively considered unlimited relative to sediment supply.
Study findings indicate that more detailed investigations are needed to assess channel condition in the Lower Study Reach as well as longitudinal trends in particle size, the relative balance between sediment supply and transport capacity, and potential drivers of bar area loss (such as vegetation encroachment and peak-flow patterns) throughout the study area.
Introduction
This report summarizes a reconnaissancelevel assessment of channel condition and bedmaterial transport relevant to the permitting of instream gravel extraction in Hunter Creek, a coastal stream draining to the Pacific Ocean south of Gold Beach, Oregon ( fig. 1, next page) . The assessment is based on a review of existing datasets (such as bridge-inspection surveys, watershed analyses, and gravel-extraction records), repeat delineation of bar and channel features from aerial photographs, and field observations and particle-size measurements made during July 2010. Findings from these multiple datasets and observations were used to (1) assess the vertical stability of the Hunter Creek channel and identify locations where the channel may be incising, aggrading, or stable and (2) identify key datasets and issues that are relevant to understanding channel condition, bed-material transport, and potential effects of instream gravel extraction on Hunter Creek. Overall, this preliminary study constitutes a -Phase I‖ investigation, similar to the Umpqua Phase I assessment by O'Connor and others (2009), as outlined by the U.S. Army Corps of Engineers, Portland District, and the Oregon Department of State Lands to inform the permitting of instream gravel extraction in Oregon.
Location References
Locations along Hunter Creek are referenced to river kilometers (RKM) that begin at the Highway 101 bridge, which is less than 200 m upstream from the mouth of Hunter Creek at the Pacific Ocean. To develop this linearreference system, ( fig. 1 ) a centerline was digitized through the wetted channel of Hunter Creek for the entire study area from orthoimagery collected in 2009 by the National Agriculture Imagery Program (NAIP). Points were then distributed at 0.2-km intervals along this centerline and used to determine locations in terms of river kilometer for this project. Even after accounting for the conversion between river miles (RM) shown on current (1986) U.S. Geological Survey (USGS) quadrangle maps and river kilometers produced by this study for Hunter Creek, the two reference systems differ owing to factors such as some channel shifting. Additionally, USGS quadrangles of the Hunter Creek basin include only RM 4-7 (as indicated in fig. 1 ).
Physical Characteristics of the Hunter Creek Basin

Geographic, Geologic, and Geomorphic Setting
Hunter Creek is an unregulated system that drains 115 km 2 of southwestern Oregon before flowing into the Pacific Ocean south of the town of Gold Beach, Oregon ( fig. 1 ). The basin is located wholly within Curry County. The drainage basin is flanked to the north by the Rogue River basin, to the east by the Illinois River basin, and to the south by the Pistol River basin. The main stem and its four principal tributaries (North Fork Hunter Creek, Big South Fork Hunter Creek, Little South Fork Hunter Creek, and Conn Creek) drain the rugged Klamath Mountains, which are underlain by a Cretaceous and Jurassic accretionary complex composed of weakly to intensely metamorphosed sedimentary, volcanic, and intrusive igneous rocks (Ramp and others, 1977) . fig. 2A) , and flows on a mixed bed of boulders and bedrock with intermittent gravel bars positioned at high-amplitude bends. At its confluence with Little South Fork Hunter Creek, the drainage area of Hunter Creek is 82.6 km 2 . From its confluence with Little South Fork Hunter Creek to 1.4 km downstream, the Hunter Creek channel is confined by a bedrockdominated canyon and flows over a mixed bed of bedrock, boulders, and gravel. The lower 11 km of Hunter Creek flows northwest towards its mouth at the Pacific Ocean as a -wandering gravel bed river‖ (Church, 1983) dominated by a single channel with some multichanneled reaches. The active channel in this lowermost 11 km primarily is alluvial and flanked by nearly continuous swaths of large, active gravel bars that are separated by several 1-2 km confined reaches (figs. 1 and 3A-D). Within the unconfined segments, the channel generally contains large gravel bars and alternates its position between valley walls, forming shallow riffles where it crosses the valley floor and deep pools where it flows against valley walls. The main tributary in this section is Conn Creek (6.0 km 2 ), which enters Hunter Creek approximately 2.5 km downstream from its confluence with Little South Fork Hunter Creek ( fig. 1 ). The channel in the lower 10.7 km of Hunter Creek has an average gradient of 0.002 m/m (as measured from a 1-m LiDAR survey; fig. 2B ) and a wetted width ranging from 15 m in the confined, upper portion of the study area to nearly 165 m near the mouth. Hunter Creek is tidally influenced in approximately its lowest 2.2 km.
The longitudinal profile ( fig. 2A-B) shows a smooth gradation in slope along Hunter Creek to its confluence with the Pacific Ocean. This profile, together with abundant gravel bars observed to the mouth and the absence of an estuary, indicates that Hunter Creek has transported gravel to the Pacific Ocean at a rate that has exceeded the depositional accommodation space created by Holocene sea-level rise and hence differs from many Coast Range drainages where extensive tidal reaches and fluvial estuaries occur (Komar, 1997) . The wide valley bottom in the lowest portion of the study area, in part, reflects Holocene filling of the Hunter Creek valley.
Hydrology
The hydrology of Hunter Creek is not systematically monitored by any existing local or Federal program. The only discharge data for the Hunter Creek basin are provided by a USGS crest-stage station (14378550), which was operated from water years 1965-1977 on Hunter Creek upstream of its confluence with Elko Creek ( fig. 1 ). This crest-stage station provides the date and magnitude of annual peak flows during its period of operation.
Since bed-material transport is determined largely by the magnitude and frequency of highflow events, this project compiled existing information for the Hunter Creek basin and nearby basins and estimated peak flow for a range of discharge events on Hunter Creek (tables 1 and 2). Unlike nearby higher elevation basins, where peak flows derive from rain-on-snow events (such as the Illinois River; mean basin elevation 814 m), peak flows in Hunter Creek (mean basin elevation 466 m) derive mainly from large frontal rainstorms because only 15 percent of the basin is within the transient snow zone (EA Engineering, Science, and Technology, 1998) . Streamflow typically peaks during the rainy winter season and recedes to base flow (or periods of no flow) during the late summer, when precipitation is scarce. Peak-flow discharge was estimated for 2-, 5-, 10-, 25-, 50-, 100-, and 500-year recurrence-interval events at three locations by using regional-regression relationships developed by Cooper (2005) : the former site of the USGS crest-stage station in the upper watershed, Hunter Creek at its confluence with Little South Fork Hunter Creek (near the upstream boundary of the study area), and Hunter Creek at its mouth (table 1). Square root of the sum of the squared standard error of the model and the average squared standard error of the sampling, in log units (Cooper, 2005) . 2 Number of years of data needed to give the same average prediction error as the regression model (Cooper, 2005 (table 2) . For example, during the large magnitude rain-on-snow flood of December 1964 December (water year 1965 , discharge on the Illinois and Chetco Rivers exceeded the 500-and 100-year recurrence intervals, respectively (table 2). Similarly, peak flow for water year 1965 at the USGS crest-stage in the upper Hunter Creek basin was greater than the weighted peak flow for a 500-year recurrenceinterval flood (table 2) .
Despite large uncertainties in the weighted peak-flow estimates (Cooper, 2005) , flooding during the December 1964 flood in the upper Hunter Creek basin may not be representative of overall watershed conditions. Harris Creek (a coastal basin north of the Chetco River) and Ransom Creek (a tributary to the lower Chetco River) are both relatively small, low-elevation basins that experienced a less than 2-year recurrence-interval event during the December 1964 storm (table 2). The lower Hunter Creek channel may have responded similarly with relatively low flow during this storm. Further hydrologic analyses that estimate the historical peak flows in lower Hunter Creek may help better quantify the hydrologic response of the basin to peak-flow events.
Land Uses in the Basin
The Hunter Creek Watershed Assessment (Maguire, 2001) and Hunter Creek Watershed Analysis (EA Engineering, Science, and Technology, 1998) summarize land-use activities in the basin. Like other basins along the southwestern Oregon coast, Euro-American settlement of the Hunter Creek basin was fueled by the discovery of gold in the nearby Rogue River basin and elsewhere along the Oregon coast during the 1850s. The population of the Hunter Creek basin grew slowly during the 19 th and early 20 th centuries and remains sparse today, owing in part to the limited amount of arable land along Hunter Creek and its remote location. When the lower portion of the Hunter Creek basin was annexed into the City of Gold Beach in 1995, the area had an estimated population of only 414 (Maguire, 2001) . Another impediment to basinwide development was the lack of roads. Until the end of World War II, the primary transportation routes connecting the coast and upper watershed were trails carved along steep hill slopes and the river bed during low flows (Maguire, 2001 ).
The watershed-scale activities that likely have had the greatest effect on channel morphology in Hunter Creek are timber harvesting and associated road building. In 2001, private and Federal forest lands accounted for 97 percent of the basin area; urban, agricultural, and ruralresidential areas along the lower main stem accounted for the remaining 3 percent (Maguire, 2001) . EA Engineering, Science, and Technology (1998) reported that commercial timber harvest began in the late 1940s, peaked from 1955 to 1964, with logging mainly on privately owned lands, and then went through a second period of substantial harvest from 1980 to 1989, when the Rogue River-Siskiyou National Forest lands were timbered. Prior to timber harvest, the main watershed disturbances were fire and large wind-throw events (EA Engineering, Science, and Technology, 1998); no fires have occurred during the modern period of record (Peck and Park, 2006) . The Hunter Creek basin also has a history of mining that likely has affected channel morphology and bed-material transport. In the 1850s, placer deposits near the mouth of Hunter Creek and nearby terraces were mined briefly for gold (EA Engineering, Science, and Technology, 1998) . On the basis of historical mining practices in other coastal basins, like the Umpqua River basin (Beckham, 1986) , placer deposits in Hunter Creek may have been extracted hydraulically, potentially liberating large volumes of sediment from streamside terraces. Since at least the 1960s, commercial aggregate has been extracted from gravel bars along the lower 10 km of Hunter Creek (on the basis of data provided by Dan Crumley, Curry County Road Department, written commun., 2010). Because instream gravel extraction can result in channel incision and bar armoring (Kondolf, 1994) , extraction volumes and gravel replenishment at mining sites are described in more detail in a subsequent section of this report. Other mining activities include commercial exploration and mining in the 1930s-1950s for nickel, gold, and chromite deposits in the upper watershed near Signal Buttes and Red Flat ( fig. 1 ). These activities probably had a minimal impact on Hunter Creek channel morphology because they were located more than 5 km from the main channel and mainly involved trenching and prospecting rather than large-scale extraction (EA Engineering, Science, and Technology, 1998; Maguire, 2001) . Aggregate continues to be extracted in the uplands of the basin.
The morphology of the lower 3.9 km of Hunter Creek (from below its confluence with Yorke Creek to its mouth) has been directly affected by channel straightening and bank armoring undertaken by local entities to protect properties and road infrastructure as well as floodplain reclamation (EA Engineering, Science, and Technology, 1998) . Completed in the mid-1940s, Hunter Creek Road generally follows the lower 13 km of Hunter Creek and impinges upon the historical active channel in several locations, such as near RKM 4.5, 7.6, and 9.6.
Study Area
For the purposes of this reconnaissance study, the study area includes the lower 12.4 km of Hunter Creek from its confluence with the Little South Fork Hunter Creek at RKM 12.4 to near its mouth at the Highway 101 bridge (figs. 1 and 3A-D). This predominately alluvial stretch of river contains most of the gravel bars in the basin and all instream gravel-extraction operations active in 2010. This study area was further subdivided into two study reaches (Upper Study Reach and Lower Study Reach) based primarily on valley morphology (table 3 and fig. 3A-D) .
The Upper Study Reach spans the upper 6.5 km of Hunter Creek from RKM 12.4 near its confluence with Little South Fork Hunter Creek to RKM 6.0 near its confluences with Crossen and Smith Creeks (figs. 1 and 3A-D). In the uppermost 1.4 km of the Upper Study Reach, the channel is confined by a narrow, bedrockdominated canyon. Here, active channel width, or the area typically inundated during annual high flows as determined by the presence of water and flow-modified surfaces (Church, 1988) , ranges from 12 to 20 m (as measured from 2009 NAIP orthoimagery for this and all widths reported in this section). The bedrock canyon at the upstream boundary of the study area would prevent any channel changes in the study area from propagating upstream. Downstream from RKM 11, the valley in the Upper Study Reach opens, allowing the active channel to widen 40 to 75 m and transition into a fully alluvial segment with a pool-drop morphology and large channelflanking gravel bars. Near RKM 8.4, the channel enters a second confined segment that extends to RKM 6, where the active channel width is less than 30 m but fully alluvial. The average watersurface gradient of the Upper Study Reach is 0.009 m/m (as measured from LiDAR data collected from RKM 6 to 10.7; fig. 2B and table 3 ).
The Lower Study Reach begins at RKM 6 at the outlet of a confined segment and extends to RKM 0 at the Highway 101 bridge (figs. 1 and 3A-D). Although alternating bars are present throughout this reach, the Lower Study Reach has broad, unconfined segments with activechannel widths up to 80 m (such as near RKM 4.1 and 4.6) as well as a narrower, confined active-channel segment where the maximum width generally is less than 35 m (such as near RKM 2.6-3.9). Near RKM 0.6, Hunter Creek abruptly turns westward across its coastal plain and widens to 165 m as it flows towards its mouth at the Pacific Ocean. The average watersurface gradient for the Lower Study Reach is 0.005 m/m ( fig. 2B and table 3) . 
Direct impacts to active channel
Gravel mining; recreational vehicle use; channel straightening and bank armoring in lower 3.9 km; placer mining in 1850s.
Gravel mining; recreational vehicle use
General channel trends Channel flows on alluvium and historically has been dynamic, particularly near river's mouth.
Upper 1.4 km historically stable due to bedrock influence. Channel from RKM 6 to 11 mainly flows on alluvium and has been more historically dynamic and subject to shifting. 1 Basin area for the total contributing area from StreamStats (http://streamstatsags.cr.usgs.gov).
Approach and Key Findings
For this study, we reviewed existing datasets and studies regarding channel condition and bedmaterial transport in the Hunter Creek basin, applied reconnaissance-level GIS analyses, and collected field observations and particle-size measurements during July 2010. The objectives of these efforts were to (1) identify existing datasets that would support more detailed analyses of bed-material transport and channel condition, (2) summarize instream gravel-extraction activities, (3) characterize broad-scale patterns in gravel-bar area and channel features using four sets of aerial photographs spanning 1940-2009, (4) determine particle-size distributions and armoring ratios on two gravel bars, and (5) identify locations where the channel may be aggrading or incising. Additionally, this assessment provides a preliminary review of channel condition and bed-material transport in Hunter Creek and identifies outstanding issues relevant to the permitting of instream gravel extraction that may be addressed by future studies. The following sections summarize each of the major activities and key findings.
Review of Previous Hydrologic and Geomorphic Studies
Two watershed-scale assessments provide information on the hydrology and geomorphology of Hunter Creek. The Hunter Creek Watershed Assessment (Maguire, 2001 ) provides general information on basin hydrology and land-use while the Hunter Creek Watershed Analysis (EA Engineering, Science, and Technology, 1998), which also is summarized by Peck and Park (2006) , provides a more detailed description of erosion processes throughout the basin.
Based on EA Engineering, Science, and Technology (1998), sources of sediment to Hunter Creek and its tributaries primarily are mass movements with smaller inputs contributed by surface erosion associated with road networks and skids trails at logging sites. Throughout much of the upper and middle portions of the Hunter Creek basin, the channel flows directly on bedrock and is relatively stable (EA Engineering, Science, and Technology, 1998). The main areas of Hunter Creek prone to channel instability are in (1) portions of the upper basin and Elko Creek where the channel flows adjacent to unstable, landslide-prone slopes derived from ultramafic rocks and (2) lower, alluvial reaches where stream banks are composed of alluvium and subject to erosion (EA Engineering, Science, and Technology, 1998). Additionally, they reported incision along the lower 3.9 km of Hunter Creek as well as channel straightening, bank failures, and loss of point bars and pools; these changes were attributed to bank stabilization and floodplain reclamation (EA Engineering, Science, and Technology, 1998).
The finding of incision by EA Engineering, Science, and Technology (1998) is particularly relevant to this study since documentation of incision or aggradation is a major focus of Phase I analyses (Janine Castro, U.S. Fish and Wildlife Service, written commun., 2006). Field visits and interviews are cited as evidence for channel incision (p. 4-25; EA, Engineering, Science, and Technology, 1998). As described in subsequent sections, our limited review of quantitative data describing channel elevation does not indicate systematic channel incision since 1994.
Assessment of Existing Spatial Datasets
We assessed the availability of spatial datasets in the Hunter Creek basin that could be used to evaluate channel condition and bedmaterial transport. This search focused primarily on aerial photographs and included other datasets such as Light Detection And Ranging (LiDAR), geologic maps, General Land Office (GLO) surveys, and navigation surveys. On the basis of the aerial photography review, at least 12 sets of aerial photographs are available that cover all or most of the 12.4-km long Hunter Creek study area (table 4). Complete photographic coverage for the study area is available at least once per decade since the 1940s. Six additional sets of photographs partially cover the study area, four of which completely capture the Lower Study Reach. A majority of the identified sets of photographs were taken at a sufficient resolution (1:24,000 or greater) for assessing long-term changes in channel condition, gravel-bar area, and vegetation cover.
The earliest available surveys of the Hunter Creek study area were conducted by the GLO in 1857 and produced as maps in 1881 and 1891 (table 4). As summarized by Atwood (2008) , the main purpose of GLO surveys was to establish the Township, Range, and Section lines of the Public Land Survey System (PLSS). Since these maps were based on non-meandered surveys, the approximate location of Hunter Creek is depicted in the GLO maps, but specific features such as gravel bars were not systematically mapped and channel banks were not continuously surveyed. Further review of the GLO data would help determine if surveyors recorded any relevant descriptions of channel and vegetation conditions in their notes.
Other spatial datasets include a LiDAR survey that provides high resolution (1-m scale) topographic data for the river corridor from RKM 0 to 10.7 (table 4) . This dataset, collected in 2008 would support detailed analyses of channel hydraulics and sediment transport. Topography data at a coarser scale (10-m) are available for the entire watershed (table 4). Also available is the geologic map of Curry County developed by Ramp and others (1977) , which depicts major geologic units and geomorphic divisions of the river basin (table 4 and fig. 1 ). Our preliminary search for navigation reports and surveys did not yield any results, which is reasonable given the minimal size of the estuary, lack of navigation improvements such as jetties, and the dynamic river mouth that shifts position frequently ( fig. 3A-D) . Furthermore, Farnell (1981) states that in Curry County, -only on the Chetco River was there sufficient commercial use to warrant a claim by the State to the bed of the river‖ for navigation purposes. 
Review of Gravel-Operator Information and Surveys
In 2004, Curry County Department of Public Services inventoried instream gravel-removal permits issued in the county since 1972 (Pratt, 2004) and documented permits issued within the Hunter Creek basin during this period. In 1972, eight permits with a total annual-removal limit of approximately 52,750 m 3 were issued along Hunter Creek for primarily highway and county-road maintenance, flood prevention, and commercial uses (Pratt, 2004) . The number of active instream gravel-removal permits decreased to five by 2004 with a total annual-removal volume limit of approximately 30,580 m 3 . The declining number of instream gravel-extraction permits on Hunter Creek mirrors the general downward trend in these permits throughout Curry County, where the number of countywide permits declined from 61 in 1972 to 19 in 2004 (Pratt, 2004) .
Partial-volume estimates of gravel extracted from Hunter
Creek from 1966 to 2010 were provided by the Curry County Road Department (table 5; Dan Crumley, Curry County Road Department, written commun., 2010). Although gaps within the record preclude a full accounting of the total volume mined from all sites, annual instream gravel-extraction volumes noted for five sites on Hunter Creek ranged from 235 to 11,808 m 3 but typically were less than 6,000 m 3 ( fig. 4 and table 5 ). On the basis of available data, the cumulative volume of gravel removed from Hunter Creek by the Curry County Road Department from 1966 to 2010 was at least 112,612 m 3 . Although unknown, the total volume of instream gravel extraction during these 44 years likely was much higher given the multiple sites operating along the river. fig. 4 and table 5 ). While pre-and postextraction surveys for the Menasha and Ringer Bars do not report annual-replenishment volumes, repeat cross-sections of the mined areas indicate that deposition during winter months rebuilds mined surfaces to approximately their pre-mining elevations. These surveys, however, also show that these sites are dynamic and subject to local scour and deposition. Therefore, a more detailed analysis of the survey data for these sites as well as the Conn Creek Bar would assist in accurately assessing bar-replenishment rates and changes in bar morphology at active instream gravel-extraction sites.
Compilation and Review of Bridge-Inspection Reports
The Oregon Department of Transportation (ODOT) conducts periodic bridge inspections to assess overall bridge condition, footing stability, and scour. Information from these assessments can be useful for evaluating channel condition. Since 1994, ODOT completed bridge-inspection reports for the following four bridges ( fig. 3D ) spanning the main channel in the Hunter Creek study area (Oregon Department of Transportation, 2010):
Hunter Creek Road bridge, RKM 9.1 Hunter Creek Road bridge, RKM 3.5
Hunter Creek Road bridge, RKM 0.6
Highway 101 bridge, RKM 0
Our review of the bridge-inspection reports for these four sites focused primarily on comparing repeat channel cross-sections and secondarily on reviewing supplemental data such as underwater reports, photographs, and scour assessments, which also are helpful for assessing channel condition adjacent to these bridges.
Channel cross-section surveys were collected at three bridges in 1994, 2004, and 2008 ( fig. 5A-C) and at the Highway 101 bridge near the mouth in 1998 and 2010 ( fig. 5D ). Repeat channel cross-sections taken near the Hunter Creek Road bridge at RKM 9.1 show that the elevation of the thalweg has remained similar over time even though the channel has shifted from bank to bank between surveys (fig. 5A) 
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The bridge-inspection reports also state that the channel near all of the Hunter Creek Road bridges is prone to some level of bank slumping, and scour and erosion varies considerably from site to site. For example, the channel near the Highway 101 bridge is considered a low scour risk because of the influence of tide even though scour at the RKM 0.6 bridge led to undermining of the piers, resulting in an -unstable‖ rating. Combined, the bridge-inspection reports show that the channel at these bridge crossings is dynamic and subject to frequent channel shifting, aggradation, and incision. Despite this dynamism, the limited cross-section data reviewed in this study indicate that the channel near RKM 3.5 was the only location to experience substantial net change (+0.55 m in thalweg elevation) from 1994 to 2004. The channel at RKM 9.6 and 0 showed little net change in channel morphology or thalweg elevation between the first and last surveys, whereas the elevation of the thalweg at RKM 0.6 increased 0.84 m from 1994 to 2004, but did not exhibit substantial net change from 1994 to 2008.
Repeat Delineation of Gravel Bars, Channel Centerlines, and Channel Width, 1940-2009
Using the Geographic Information System (GIS) program ESRI ArcMap 9.3.1, we digitized gravel bars, channel centerlines, and wettedchannel edges throughout the study area from aerial photographs collected in 1940, 1965, 2005, and 2009 (table 4) to assess spatial and temporal trends in bar and channel features. Scanned black-and-white photographs from 1940 and 1965 were acquired from the University of Oregon Map Library and georeferenced using techniques similar to those in Wallick and others (2011) . For mapping purposes, gravel bars were defined as exposed bed-material sediments greater than 200 m 2 in area and included both lateral and medial bars.
Although bars were not classified according to grain size, field observations made during July 2010 indicated that most bars, including those in the tidally affected portion of the Lower Study Reach, mainly were composed of gravel. Most of the mapped bars had little to no vegetation, but some bars had small areas that were partly or wholly covered by grasses, shrubs, and (to a lesser extent) mature trees.
The quality of underlying photographs and errors introduced by georeferencing and digitizing processes are three of many potential sources of uncertainty in digital channel maps (Gurnell, 1997; Mount and Louis, 2005; Hughes and others, 2006; Walter and Tullos, 2009) . Aerial photographs of the Hunter Creek study area were of sufficient resolution (table 4) and generally free of glare and shadow, enabling precise mapping. The 1940 and 1965 photographs were georeferenced with a minimum of 15 groundcontrol points concentrated near the main channel and rectified with a second-order polynomial transformation. The total root mean square error (RMSE) values of the rectified photographs from 1940 and 1965 indicated that horizontal-position uncertainties associated with the georectification process ranged from 2.9 to 5.9 m, but averaged 5.8 m for the 1940 photographs and 3.7 m for the 1965 photographs. Since control points were concentrated near the channel, error associated with mapped features along channel corridor should be lower than the total RMSE values for the entire photograph. Delineation of bars, channel centerlines, and wetted-channel edges at a scale of 1:2,000 was verified by project team members to ensure consistent delineation of features among years and throughout the study area and consistency with the delineation protocol of Wallick and others (2011) . Lastly, while streamflow on the dates of aerial-photograph acquisition is unknown, all aerial photographs used in this study were acquired during low-flow months (table 4), minimizing potential mapping error introduced by flow variations.
Results for Repeat Bar Delineation, 1940-2009
The total area of gravel bars delineated within the 12. (Wallick and others, 2010) .
Examination of the repeat delineation of gravel bars shows that the location, abundance, and size of gravel bars in Hunter Creek mainly dictated by valley physiography and the associated increase in valley width as the river approaches its mouth. Historically, smaller bars were located in confined segments such as the narrow canyon extending from RKM 6 to 8.4 ( figs. 6A and 7) . Conversely, the largest dynamic bars were located in wide areas of the floodplain including RKM 0-3 (figs. 6A and 8) in the Lower Study Reach and RKM 8.4-9 in the Upper Study Reach and are associated with channel shifting, bar growth, and erosion. Throughout the Hunter Creek system, areal coverage of gravel bars has declined 52-percent since 1940 ( fig. 9 and table 6 ). Bars near the mouth of Hunter Creek deviated from the overall systemwide decline, increasing substantially from 1965 to 2005, likely following captures of two floodplain pits and deposition and reworking of bed-material on river right (figs. 6A and 10). This increase in bar area near the mouth also may be affected by differences in tide levels at the time of aerial-photograph acquisition. (table 6) .
The apparent overall reduction in bar area along Hunter Creek may be partly owing to some challenges in delineating bar surfaces. In particular, distinguishing the boundary between bar surfaces and the floodplain in the aerial photographs collected in 1940 was difficult, possibly leading to some overestimation of bar area for this year. Ambiguity in delineating the outer boundary of bars from the 1940 photographs, however, is not a factor in the large decline in bar area evident in the much clearer 1965 and 2005 photographs.
Changes in bar area primarily are associated with the conversion of bare-bar surfaces to vegetated or developed surfaces. Development on former bar surfaces resulted in local declines in bar area ( fig. 10) . However, the greatest source of bar loss occurred as bar surfaces that were bare in 1940 became increasingly vegetated, likely with grasses and shrubs, in 1965 and 2005.
Because we defined and delineated gravel bars as exposed bed-material sediment, increases in vegetation at the expense of bare bars resulted in a reduction in mapped bar surfaces. Although these relict bar surfaces may be stabilized with vegetation and are therefore not mapped as bars, the underlying substrate remains available for future erosion and transport during high-flow events. Vegetation establishment on bar surfaces was especially pronounced along the historically dynamic, gravel-rich areas from RKM 1 to 2 ( fig. 8 ) and near RKM 4 and coincided with large local losses in bar area ( fig. 6A ). Vegetation encroachment was minimal in the confined, upper 1.4 km of the study area ( fig. 7 ). Further analysis of the trends in active channel width and vegetation coverage by type may provide additional insight into the mechanisms driving bar loss along Hunter Creek.
Similar patterns of bar loss owing to vegetation encroachment have been documented in the nearby Chetco River (Wallick and others, 2010) and Umpqua River (Wallick and others, 2011) . In both basins, vegetation establishment on upper bar surfaces mainly followed the December 1964 flood and was attributed primarily to declines in peak flows, which probably owe to long-term climate cycles. The Oregon Coast generally experienced cool, wet conditions from 1946 to1976, but the period since 1976 has been overall warmer and drier with intermittent, shorter periods of cool, wet years (George Taylor, Oregon Climate Service, written commun., 1999).
Results for Channel Planform and Width, 1940-2009
Comparison of channel centerline length over time reveals that channel length has decreased by 1.3-percent throughout the study area from 1940 to 2009 with both reaches losing a net 0.1 km of centerline length (table 6) . Specific areas with substantial channel shifting include RKM 0-0.6, 1.6-2.6, and 3.8-4.8 (figs. 8 and 10).
Comparison of wetted-channel width over time indicates some subtle changes in width from 1940 to 2009 ( fig. 6B ) such as near the mouth of Hunter Creek. However, these results do not indicate systemwide or systematic changes in width and do not correspond directly with changes in bar area. This preliminary analysis of wetted-channel width does not indicate channel incision or aggradation. More detailed delineation of the active-channel width (instead of wetted-channel width, which can be influenced by small differences in streamflow or tide) may help better quantify possible changes in channel width throughout the study area.
Road encroachment and mining of gravel bars, two direct disturbances to the active channel of Hunter Creek, have had no clear effect on channel planform. Hunter Creek Road, constructed in the 1940s, impinges in several places upon the historical active channel (fig. 3) . The road alignment, however, does not appear to have had a substantial effect on subsequent channel change ( fig. 11) . The three Hunter Creek Road bridge crossings were constructed at confined, stable segments that do not show major planform changes from 1940 to 2009 (for example, the Hunter Creek bridge crossing near RKM 3.5 shows only minor changes in bar area, fig.  11 ).
Hunter Creek Road was constructed on three surfaces mapped as bars in 1940 (such as RKM 4.5, 7.6, and 9.6) . In all instances, however, reachwide vegetation encroachment and localized development appear to have had larger impacts on local bar loss than road building (as illustrated for RKM 4.5, fig. 11 ). This assessment, however, does not take into account possible fill activities associated with road construction and subsequent protection. Additionally, road crossings throughout the river basin may increase erosion and fine sediment inputs that can cause subtle changes in pool morphology. Such possible changes in the transport and deposition of fine sediment were not addressed by this study. At the three active in-channel gravelextraction sites, the position of the channel has been nearly stable since the 1965 photographs ( fig. 12, next page) . Although bar area has decreased from 1940 to 2009 at the three extraction sites, these declines are consistent with reductions throughout the study area and are not obviously attributable to local gravel extraction. Future analyses of temporal changes in channel width, sinuosity, and bar morphology based on aerial photographs and LiDAR would be useful in discerning whether mined sites have been specifically affected.
Bed-Material Particle-Size Analyses
During the July 2010 reconnaissance trip, we measured surface particle-size distributions and collected subsurface bulk samples at two actively mined gravel bars in the study area: Menasha Bar (RKM 4.1) in the Lower Study Reach and Conn Creek Bar (RKM 9.7) in the Upper Study Reach (fig. 12 ). Samples were collected prior to the annual mining of these sites. At each site, the diameter of 200 surface particles was measured using a modified grid technique (Kondolf and others, 2003) such that measurements were taken at 0.3-m increments along two parallel 30-m tapes ( fig. 13A-D) . The tapes were spaced 1-2 m apart and were aligned parallel to the long axis of the bar. Clast-diameter measurements were made using an aluminum template (Federal Interagency Sediment Project US-SAH-97 Gravelometer) that enables standardized measurement of sediment clasts greater than 2 mm in diameter. Bulk samples of subsurface material were collected at the same locations as the surface-measurement sites by removing approximately 0.5 to1 m 2 of barsurface material and then collecting 65-78 kg of bar-substrate material. The bulk samples then were dried and analyzed for ½-phi particle sizes by the U.S. Geological Survey Sediment Laboratory in Vancouver, Washington. Bar-surface material was approximately equal in size to bar-subsurface material at Conn Creek Bar, whereas it was distinctly coarser than the bar-subsurface material at Menasha Bar ( fig. 14A-B) . A relatively coarse surface layer (or armoring) is typical for gravel-bed rivers and can be the result of selective scouring of fine sediments or selective deposition of larger particle clasts (Bunte and Abt, 2001) . Calculating the armoring ratio, or the ratio of the median grain sizes (D 50 ) of the surface to subsurface layers, provides an indication of the degree of armoring. This ratio typically is close to 1 for rivers with a high sediment supply and approaches or exceeds 2 for supply-limited rivers (Bunte and Abt, 2001) . The calculated armoring ratios were 0.97 and 1.5 at Conn Creek and Menasha Bars, respectively, which are consistent with high bedmaterial transport rates ( fig. 14A-B) . For comparison, most armoring ratios reported for the Chetco and Umpqua Rivers exceeded 1.5 (Wallick and others, 2010; 2011) . Because bar texture can vary greatly between sites on gravel-bed rivers (Wilcock and others, 2009) , analyses including additional sampling at sites without recent gravel mining or recreational disturbance would refine assessments of transport and sediment-supply conditions and longitudinal trends in bed-material ( fig. 14C ). Figure 14 . Size distributions of surface and subsurface particles collected in July 2010 at two sites along Hunter Creek, southwestern Oregon. Surface-particlesize distributions were sampled by a count of 200 clasts; subsurface distributions were sampled from bulk sample below the armor layer. (A) particle data for the Conn Creek Bar, (B) particle data for the Menasha Bar, and (C) comparison of bar-surface particle sizes at the two bars. D50 is the measured median particle size in millimeters.
Summary of Findings
On the basis of field observations, delineation of bar and channel features from aerial photographs, and review of existing datasets and studies, the lower 12.4 km of the Hunter Creek study area is logically divided into two study reaches: (1) the Upper Study Reach, where the relatively narrow channel is confined by a bedrock canyon in its upper 1.4 km and then fully alluvial in its lower 5 km with smaller bars, and (2) the Lower Study Reach, where the channel is completely alluvial, generally wider, and more dynamic and has larger bars. Both reaches contain locally confined and unconfined segments as well as gravel bars used for historical and ongoing aggregate extraction. Table 7 contains a summary of project findings by dataset and reach. Repeat delineation of gravel bars shows that bar area throughout the study area declined 52 percent from 1940 to 2009 (table 6) . Bar loss was greatest in the lower 6 km of Hunter Creek (table 6, fig. 9 , and table 7).
Some of the apparent loss in bar area possibly owes to mapping uncertainties; however, our preliminary assessment is that encroachment of vegetation onto the upper bar surfaces and subsequent stabilization of these formerly active surfaces likely caused this bar loss (such as shown in fig. 8 ). Vegetation encroachment and associated declines in bar area possibly were associated with long-term reductions in peak flows as noted for the Chetco and Umpqua Rivers (Wallick and others, 2010; 2011) . During the December 1964 flood, the Chetco and Umpqua Rivers experienced extensive vegetation removal and sediment deposition on upper bar surfaces, leading to substantial increases in bar area on both rivers (Wallick and others, 2010; 2011) . Because Hunter Creek experienced a 28-percent loss in bar area from 1940 to 1965 (table 6), indicating a muted response to this flood event, further investigation of peak-flow patterns in the basin would be helpful for understanding channel and bed-material responses to peak-flows over time. Additionally, reductions in bar area also may have been affected by incision (EA Engineering, Science, and Technology, 1998). Reconnaissance-level field observations, an analysis of wetted-width changes, and repeat channel cross-sections reviewed in this study, however, do not indicate substantial bed lowering. Channel length throughout the study area remained relatively stable, declining 0.1 km in both reaches, over the 69-year analysis period. Areas with substantial channel shifting and decreased sinuosity do coincide with areas of substantial bar loss (for example RKM 1.4-2.8 and 4.2-4.8). Although such findings may be indicative of local incision, they also may reflect that the Hunter Creek channel is dynamic and subject to lateral channel shifting, bar growth, and erosion.
Particle-size measurements from two actively mined sites broadly support the findings from the repeat bar mapping and cross-section surveys. Armoring ratios at Conn Creek Bar (RKM 9.7) and Menasha Bar (RKM 4.1) were 0.97 and 1.5, respectively, indicating that sediment supply is approximately balanced by transport capacity.
In summary, although Hunter Creek is tidally affected in its lowermost 2.2 km, gravel bars extend to the frequently shifting mouth of the river ( fig. 10 ), indicating substantial gravel transport through the reach and to the Pacific Ocean. Gravel transport and deposition evidently have kept pace with Holocene sea-level rise, filling the incised valley and creating a gradedriver profile to the sea and the lack of a fluvial estuary. These aspects of river and valley character, in conjunction with the nearly continuous alluvial channel in the lower 11 km and presence of bars to the mouth of the river, are strong evidence that bed-material transport to and through the Hunter Creek study area is -tr ansportlimited‖ in the sense that bed-material transport depends on flow and bed-material characteristics rather than on bed-material supplied to the study area. In this respect, Hunter Creek is more similar to the Chetco River (Wallick and others, 2010) than the supply-limited Umpqua River (Wallick and others, 2011) .
Outstanding Issues and Possible Approaches
This reconnaissance-level analysis provides a framework and baseline information for understanding bed-material transport in the Hunter Creek basin. Future efforts addressing several data gaps and issues as well as key analyses (as outlined below) could greatly refine the understanding of historical and ongoing bed-material transport processes and their effects on channel morphology. Additionally, addressing and understanding these data gaps would provide a solid basis for evaluating future hydrologic and geomorphic changes in the Hunter Creek system.
Hunter Creek Streamflow
Modeling and predicting bed-material transport require high-quality streamflow information, particularly for peak flows. As of 2011, no streamflow-gaging station is operated routinely in the lower Hunter Creek basin. Although this study used regional-regression equations to estimate discharge for a range of flood events, these estimates include considerable uncertainty (table 2) . For predicting bed-material transport within the study reach, such a gaging station optimally would be located near the upstream boundary of the study area such as the Hunter Creek Road bridge crossing at RKM 9.1 downstream of the confluence of Conn and Hunter Creeks. Additionally, repeat measurements of stage and discharge (obtained by USGS technicians during routine maintenance of the gage) form the basis of a specific gage analysis and could be used to track local changes in bed elevation over time following the approach used on the Chetco and Umpqua Rivers by Wallick and others (2010; 2011) .
Bed-Material Transport Rates and Sediment Budget
Understanding possible effects of instream gravel extraction on channel condition and longitudinal and temporal changes in bed-material requires a thorough accounting of sediment inputs from upstream and lateral sources as well as sediment losses owing to particle attrition, transport, and storage. Such information would support a comparison of the volumes of gravel extracted from the system by ongoing mining activities relative to gravel delivered to the study area. An approach for expediently developing this sediment budget might include the following components:
1. Estimate sediment flux based upon equations of bedload transport. This approach will require installation of a streamflowgaging station (as described above) and subsequent calculations of bedload transport using methods similar to those used on the Chetco River by Wallick and others (2010 Wallick and others (2010) . Ideally, this approach would use LiDAR data from two periods to directly calculate volumetric change in sediment storage. This method, however, also can be implemented using sequential aerial photographs along with a single LiDAR survey, such as the survey available for much of the Hunter Creek study area (table 4). Despite the inherent uncertainties associated with this type of analysis (Wallick and others, 2010) , such data and analyses can support efficient monitoring of long-term changes in channel and floodplain conditions. 4. Review of pre-and post-gravel-extraction surveys. In-depth and comprehensive review of all mining surveys on Hunter Creek may provide insight into estimates of coarse-gravel recruitment. While these surveys are subject to uncertainties and limitations and may be missing for some years and locations, all available data on gravel replenishment would help reduce uncertainty in sediment-flux estimates at extraction sites. 5. Assess bed-material composition throughout the study area. Additional observations of particle sizes would be required for calculating bed-material transport and also may support assessments of temporal changes in bedmaterial composition in conjunction with other study components.
Detailed Channel-Morphology Assessment
In this study, we delineated bar surfaces from aerial photographs taken in four different years, spanning 1940-2009, and found that bar area throughout the study area declined by 52-percent from 1940 to 2009 (table 6) . This mapping could serve as the starting point for more detailed and comprehensive temporal analyses of morphological trends in Hunter Creek. In particular, possible drivers of the reduction in bar area include (1) vegetation encroachment onto previously active bar surfaces, (2) long-term decreases in peak flows, (3) lowering of the channel bed, and (4) other causes. To address each of these issues and better explain the large net decrease in bar area for Hunter Creek would require a comprehensive approach, drawing upon the following elements:
1. Detailed mapping of land cover for the lower 12.4 km of the Hunter Creek floodplain and for multiple time periods. This effort would involve delineating the active floodplain or floodplain features based on vegetation density, which may eliminate problems associated with determining the bar-floodplain boundary. Examining temporal changes in bare and vegetated surfaces would allow a more quantitative assessment of erosion, deposition, and vegetation colonization during different periods and enable a more complete description of the processes driving bar evolution. Assessment of overall bar condition and evolution would benefit from supplemental bar delineations from aerial photographs collected in the early 1960s, 1970s, and 1990s. 2. Detailed mapping of channel features immediately before and after major floods to assess channel response to different magnitude floods and, ultimately, sediment flux and channel evolution in Hunter Creek. Possible floods for focusing this effort include the events of December 1964, November 1996, and January 1997. This effort optimally would be conducted in tandem with the construction a flood history for the basin. 3. Assessment of the potential relationship between vegetation encroachment and peak flows. In the Umpqua and Chetco River basins, historical declines in bar area are associated with long-term decreases in flood magnitude (Wallick and others, 2010; 2011) . Determining whether a similar process of vegetation encroachment owing to decreasing peak flows is responsible for bar loss in the Hunter Creek basin would require estimation of historical-flood discharges, as described above. Additionally, determining the linkages between peak flows in Hunter Creek and climate factors related to flood peaks, such as the Pacific Decadal Oscillation, could support inferences of likely future changes in vegetation and overall channel conditions. 4. Investigation of planform changes and possible bed-level lowering. Although the preliminary analyses and datasets reviewed in this study do not indicate substantial incision along Hunter Creek, further investigations of planform evolution and bed-level lowering are warranted to determine whether local incision, par-ticularly in the lower 3.9 km of Hunter Creek, has contributed to reachwide decreases in bar area. Since historical longitudinal surveys of the channel are unavailable, additional assessments of incision would rely upon detailed mapping of the active-channel features from different time periods and analysis of changes in channel width and sinuosity. Additional sources of data that may help to assess bed-level lowering include interviews with local landowners and a detailed assessment of bank stratigraphy in the lower 3.9 km. 5. More detailed review of the data available for bridges. A review of the as-built surveys and construction plans for publicly owned bridges on Hunter Creek may yield the data necessary to assess sediment thickness and changes in bed elevation. Construction plans, permits, and investigations of bridges owned by Curry County and private landowners also may yield useful information. 6. More detailed mapping and assessment of vegetation along the Hunter Creek corridor to assess (a) possible changes in the types of vegetation (such as invasive or water-tolerant species) present on bar surfaces over time and (b) broader linkages between riparian ecology, bar evolution, and flood histories. 7. Assess historical land-use activities, including timber-harvest practices, road building, and placer mining that may have contributed to changes in channel morphology and sediment-transport processes. Such information may be found through interviews with local landowners and historical documents available from historical societies, museums, and government records.
Legacy and Ongoing Effects of Land-Use Activities
Anthropogenic activities such as logging, instream gravel mining, and road placement likely affect sediment transport and deposition dynamics in Hunter Creek to varying degrees over time and throughout the river network. Quantitatively assessing the role of these factors on sediment dynamics would be challenging owing to likely interactions among these factors as well as their interactions with background and physical controls on sediment dynamics, such as basin topography, channel slope, geology, and hydrology. Yet, such an assessment would provide insight into sediment dynamics and may be more feasible in the Hunter Creek basin than other coastal basins.
Geomorphic and hydrologic processes often are altered by dredging, fire, flow regulations and dams, and substantial placer and hydraulic mining in coastal Oregon rivers such as the Chetco, Umpqua, and Rogue, but to a lesser extent in Hunter Creek. The preliminary morphological assessment presented in this report shows that the gravel bars are present throughout the study area and to the mouth of the river. Further investigations of fine-and coarsesediment inputs associated with land-use activities may provide information on the relative fluxes of different clast sizes delivered to the study area and on an annual basis. An approach for investigating the relative importance of past activities on overall sediment dynamics would be to: 
